PRELIMINARY AMENDMENT 

New Divisional U.S. Appln. Of Serial No. 08/697/773 



" inser 



line 6/ after "out" insert --by--. 

/ 

Claim 12, line 2, delate "9 or 10,". 
Claim 13, line 2, delate »9 or 10, n . 

y 

Claim 14, line 2, deiete "9 or 10, n . 

line 4, delete ")''. 
Claim 15, line 2, delete "9 or 10 , n . 



Please add the following new claims: 



17. A dif tractive 



wherein a ratio of the dept 
depth of the first relief 
shift function of the first 
function of the second relief 
other. 



optical element according to claim 9, 
of the second relief pattern to the 
pattern a(=d 2 /d 1 ) is set such that a phase 
relief pattern and a phase shift 
pattern are canceled out by each 



18. A diffractive optical element according to claim 10, 
wherein a ratio of the depth of the second relief pattern to the 
depth of the first relief pattern afsda/dj is set such that a phase 
shift function of the first relief pattern and a phase shift 
function of the second relief pattern are canceled out by each 
other. 
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19. A diffractive opticajL 
said second and third optical 
material • 



element according to claim 9, wherein 
regions are made of a same optical 

element according to claim 10/ 



optical regions are made of a same 



20. A diffractive optical 
wherein said second and third 
optical material. 

21. A diffractive optical element according to claim 9, wherein 
said fourth optical region is constituted by an atmosphere 
surrounding the diffractive opjtical element. 

22. A diffractive optical element according to claim 10, 
wherein said fourth optical rJgion is constituted by an atmosphere 
surrounding the diffractive optical element. 

element according to claim 9, wherein 
when an average refractive index of a composite relief structure 
constituted by the first and second relief patterns is n 0 , a 
thickness of the diffractive optical element is D, and a smallest 
pitch of the relief patterns i^ T, the following condition is 
satisfied: 



23. A diffractive optical 



< 1 
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24. A dif tractive optical element according to claim 10, 
wherein when an average refractive index of a composite relief 
structure constituted by the\ first and second relief patterns is n 0 , 
a thickness of the diffractive optical element is D, and a smallest 

pitch of the relief patterns is T, the following condition is 

- 

satisfied: j 

! 2nAD 



n 0 T 2 



< 1 



25. A diffractive optical element according to claim 9, wherein 
when a shortest wavelength of j the wavelength range to be used is A x , 
a longest wavelength of the wavelength range to be used is A 2 , and a 
middle wavelength between A x and A 2 is A 0 (=(Aj. + A 2 )/2), the 
following condition is satisfied: 

i 

A 2 4 Ai > 0.05A,, 

i 

26. A dxffractive optical^ element according to claim 9, wherein 

when a shortest wavelength of the wavelength range to be used is X lf 

\ 

a longest wavelength of the wavelength range to be used is X 2 , and a 



middle wavelength between X x and A 2 is X 0 {^(Xj^ + A 2 )/2), the 
following condition is satisfied: 

A 2 -lAi > 0.05Ao 
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27. An optical device comprising a diffractive optical element 
according to any one of claim 8 • 

28. An optical device conprising a diffractive optical element 
according to any one of claim! 9. 

29. An optical device comprising a diffractive optical element 
according to any one of claim' 10. 

30. An optical device comprising a diffractive optical element 

i 

according to any one of claim! 11. 

:l 

31. An optical device comprising a diffractive optical element 
according to any one of claim |l2 . 

32. An optical device comprising a diffractive optical element 
according to any one of claim *13 . 

33. An optical device comprising a diffractive optical element 

! 

according to any one of claim 14 . 

i 

34. An optical device comprising a diffractive optical element 

... i 

according to any one of claim 15 . 

35. A diffractive opticai element comprising: 

/ ^ 

a first optical region made of a first opticalXmaterial 
which reflects light withinr\ a/wavelength range to be used; 

a second optical Mgion made of a second optical material 
which is substantially transparent to said light; 
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/ 

a third optical region made of a third optical material 

which is substantially transparent to said light but is different 

from said second optical material, said ffrst, second and third 

/ 

optical regions being arranged to be brought into contact with each 

/ 

other or being arranged close to each /Other; 

/ ■ 

a first relief pattern formed in a boundary surface 



between said first and second optical regions and having a first 

/ 
/ 

pitch distribution and a first depth; and 

a second relief pattern formed in a boundary surface 



between said second and third* optical regions and having a second 
pitch distribution which is/substantially identical with said first 
pitch distribution of the /first relief pattern and a second depth 
which is different fronysaid first depth of the first relief 
pattern, said first arid second relief patterns being substantially 
aligned in a direction^of an optical axis of the diffractive optical 

/ 

element; / 

whereii^a ratio of the depth of the second relief pattern 
to the depth of the first relief pattern ot(=d 2 /d x ) is\set such that 
a phase shift function of the first relief pattern and aphasja_shif t 
function of the^second relief pattern are canceled out by each 
other. 
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36. A diffractive optical element comprising! 



a first optical region made of a first optical material 

.ns 

/, 



which is substantially transparent to light within a wavelength 



range to be used and has a/ refractive index n,; 

. / 

a second optical region made of a second optical material 




which is substantially transparent to said light but is different 

/ 

\ ' from said first optical^ material and has a refractive index n 2 ; 

/ 

a third optical region made of a third optical material 

/ 

which is transparent jto said light but is different from said second 

if 

optical material and/ has a refractive index n 3 , said first, second 

/ 

and third optical regions being arranged to be brought into contact 

i 

with each other or/being arranged close to each other; 

'! 

a ^:st /relief pattern formed in a boundary surface 
between said fsWs't and second optical regions and having a first 
pitch distribution and a depth d x ; and 

a second relief pattern formed in a boundary surface 

s 

between said seicond and third optical regions and having a second 
pitch distribution which is substantially identical with said first 



pitch distribution of the first relief pattern and a second depth 
d 2 , said f i rs ] fc an d second relief patterns being substantially 
aligned in a direction of an optical axis of the diffractive optical 



n = 
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pattern to the depth of the second relief/pattern is ai-d^d^ , a 
wavelength of the light within the waye^ngth range to be used is A, 

/ 

a shortest wavelength of the wavelength region to be used is X lf and 
a longest wavelength of the wavelength range to be used is A 2/ the 
^tj following condition is satisfied: 

I AN(A 2 ) I > j^ANfAj I > 0; A 2 > A x 

wherein 

AN (A) a/ {n?(A) -n 2 (A)} + a {n 2 (A) -n 3 (A) } ; 

... // 

wherein a ratio' of the depth of the second relief pattern to the 
depth of the/first relief pattern VL{=dJd x ) is set such that a phase 
shift function of the first relief pattern and a phase shift 
function of the second relief pattern are canceled out by each 
other/ 



37. A diffractive optical element comprising: 
\ a first optical region made of a first optical material 

which reflects light within a wavelength range to be used; 



a second optical region made of a second optical -material 
which is substantially transparent to said light; 

a third optical region made of a third optical material 
which is substantially trans|arent to said light but is different 
from said second optical material, said first, second and third 
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optical regions being arrangfed to be brought into contact with each 
other or being arranged close\ to each other; 

a first relief pattern formed in a boundary surface 
between said first and second optical regions and having a first 
pitch distribution and a first ^depth; and 

a second relief pattern formed in a boundary surface 



between said second and third optical regions and having a second 

a 
\ 

pitch distribution which is substantially identical with said first 



pitch distribution of the first 'relief pattern and a second depth 

\ 

which is different from said first depth of the first relief 

i . 

pattern, said first and second relief patterns being substantially 
aligned in a direction of an optical axis of the diffractive optical 
element;, wherein said third optical region is constituted by an 



L 



atmosphere surrounding the diffractive optical element. 



38. A diffractive optical element comprising: 



a first optical region 



which is substantially transparent to light within a wavelength 
range to be used and has a refractive index n x ; 



a second optical region 



made of a first optical material 



made of a second optical material 



which is substantially transparent to said light but is different 



from said first optical material 



and has a refractive index n 2 ; 
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i 



a third optical region made of a third optical material 
which is transparent to said Mght but is different from said second 
optical material and has a refractive index n 3 , said first, second 
and third optical regions being arranged to be brought into contact 



with each other or being arranged close to each other; 

a first relief pattern formed in a boundary surface 

j 

between said first and second! optical regions and having a first 

i 

pitch distribution and a depth d x ; and 



a second relief pattern formed in a boundary surface 

i 

i 

between said second and third optical regxons and having a second 
pitch distribution which is substantially identical with said first 
pitch distribution of the first relief pattern and a second depth 
d 2 , said first and second relief patterns being substantially 
aligned in a direction of an optical axis of the diffractive optical 

of the depth of the second relief 
pattern to the depth of the second relief pattern is a(=d 2 /d 1 ), a 
wavelength of the light withi:i the wavelength range to be used is A, 

2 

a shortest wavelength of the wavelength region to be used j ; s^A 1 , and 
a longest wavelength of the wavelength range to be used is A af ' N tiie 
following condition is satisfied: 

> 0/ A 2 > A x 



element, wherein when a ratio 



AN(A 2 ) I > I AN(AJ 



wherein 
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AN (A) = {n^A) 
third optical region is coils 
diffractive optical element 



(A)} + a {n 2 (A) -n 3 (A) }; , wherein said 
stituted by an atmosphere surrounding the 



39. A diffractive optical element comprising: 

a first optical region made of a first optical material 
which reflects light within a wavelen^h range to be used; 

a second optical region made of a second optical material 
which is substantially transparent tj> said light; 

a third optical region made of a third optical material 
which is substantially transparent /to said light but is different 
from said second optical material,/ said first, second and third 
optical regions being arranged to/ be brought into contact with each 
other or being arranged close to leach other; 

a first relief pattern' formed in a boundary surface 
between said first and second Optical regions and having a first 

pitch distribution and a f irst^Pdepth; and 

I 

a second relief pattern formed in a boundary surface 
between said second and third 'optical regions and having a second 



pitch distribution which is substantially identical with said first 



.1 



pitch distribution of the first relief pattern and a second depth 

j 

which is different from said fjfirst depth of the first relief 
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pattern, said first and second relief patterns being substantially- 
aligned in a direction of an optical axis of the diffractive optical 
element;, wherein when an average refractive index of a 

composite relief structure constituted by the first and second 



relief patterns is n 0 , a thicknessj of the diffractive optical 
element is L, and a smallest piLui of the relief patterns is T, the 
following condition is satisfied: 



2llAD 



< 1 



40. A diffractive optical element comprising: 

a first optical regioiymade of a first optical material 
which is substantially transparent to light within a wavelength 
range to be used and has a refractive index n x ; 

a second optical region made of a second optical 
' material which is substantially transparent to said light but is 
different from said f irst^optical material and has a refractive 
index n 2 ; 

a third optical region made of a third optical material 

I 

which is transparent /to said light but is different from said 
second optical material and has a refractive index n 3/ said 
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first, second and third optical regidns being arranged to be 
brought into contact with each other or being arranged close to 
each other; 

a first relief pattern formed in a boundary surface 

between said first and second /optical regions and having a first 

/ 

pitch distribution and a depth d x ; and 

a second relief pattern formed in a boundary surface 

between said second and tnird optical regions and having a second 

/ 

pitch distribution which/ is substantially identical with said 
first pitch distribution of the first relief pattern and a second 

depth d 2/ said first /and second relief patterns being 
substantially aligried in a direction of an optical axis of the 
dif tractive opticaMelement, wherein when a ratio of the depth of 
the second relief /pattern to the depth of the second relief 
pattern is afsds/dj, a wavelength of the light within the 
wavelength range to be used is A, a shortest wavelength of the 

wavelength region to be used is A x , and a longest wavelength of 

I 

the wavelength range to be used is A 2 , the following condition is 

'/ 

satisfied: ' 

//\ AN(A a ) I > I ANtXj I > 0; X 2 > X 1 

wherein 
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AN(A) = {njA) -n 2 (X)} + a (j((X) -n 3 (A) }; , wherein when 
an average refractive index of a composite relief structure 
constituted by the first and second irelief patterns is n 0/ a 
thickness of the diffractive optical element is D, and a smallest 
pitch of the relief patterns is f j£ the following condition is 
satisfied: 

^x* < ± 



I 



n 0 T 3 



41. A diffractive optical element comprising: 

a first optical region made of a first optical material 
which reflects light within a wavelength/ range to be used; 

a second optical region made jof a second optical 

/ 

material which is substantially transparent to said light; 

,7 

a third optical region made of a third optical material 
which is substantially transparent to said light but is different 
from said second optical material^ said first, second and third 
optical regions being arranged to|^e brought into contact with 
each other or being arranged close\to each other; 

a first relief pattern formed in a boundary surface 
between said first and second optical regions and having a first 
pitch distribution and a first depth; and 
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a second relief pattern f >rmed in a boundary surface 
between said second and third optical regions and having a second 
pitch distribution which is substantially identical with said 

first pitch distribution of the fitrst relief pattern and a 

J 

second depth which is different from said first depth of the 
first relief pattern, said first and second relief patterns being 
substantially aligned in a direction of an optical axis of the 
diffractive optical element;, w: 
of the wavelength range to be ut 



ferpin when a shortest wavelength 
is X 17 a longest wavelength of 



the wavelength range to be used is' A 2 , and a middle wavelength 



between X x and K 2 is A 0 (=0^ + A 2 ) 
satisfied: 

A 2 - A x > 



/2), the following condition is 



O.OSAo 



A 



42. A diffractive optical element comprising: 

a first optical'region made of a first optical material 
which is substantiallwtransparent to light within a Wavelength 



\ range to be used andAias a refractive index n x ; 



a seconaj/optical region made of a second optical 
material which is/ substantially transparent to said light but is 
different from /said first optical material and has a refractive 
index n 2 ; 
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a third optical region made of/ a third optical material 
which is transparent to said light but/ is different from said 
second optical material and has a refractive index n 3 , said 
first, second and third optical regions being arranged to be 

/ 

brought into contact with each other or being arranged close to 




each other; 

a first relief pattern formed in a boundary surface 



between said first and second optical regions and having a first 



pitch distribution and a depth d x ; and 

// 
/ 

a second relief pattern formed in a boundary surface 
between said second and third optical regions and having a second 
pitch distribution which is substantially identical with said 
first pitch dist^Lb r ution of the first relief pattern and a second 

_ _ V 

depth d 2 , said f&i^st and second relief patterns being 
substantially aligned in a direction of an optical axis of the 



diffractive optical element, wherein when a ratio of the^ depth of 

jj 

the second relief pattern to the depth of the second relief 

/ 

pattern is OL^^JdJ , a wavelength of the light within the 

/ 

wavelength range to be used is A, a shortest wavelength of the 

/ 

wavelength Jregion to be used is A 17 and a longest wavelength of 



the wavelength range to be used is A 2 , the following condition is 

/ 

satisfied: 



/ 
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I AN(A 2 ) I > I AN (^1 I > 0; A 2 > A x 



wherein 



AN (A) = { ni (A)-n 2 
a shortest wavelength of the 



0 } + a {n 2 (A) -n 3 (A) }y , wherein when 
Iwavelength range to be used is A 1# a 
longest wavelength of the wavelength range to be used is A^ and 
a middle wavelength between Wand A 2 is A 0 (=(A X + A 2 )/2), the 
following condition is satisfied: 

A 2 - L > O.OSAq 



43. An optical device 
element according to claim 8 



comprising a diffractive optical 



44. An optical device comprising a diffractive optical 
element according to claim 9,. 



45. An optical device comprising a diffractive optical 

! 

element according to claim 11. 



46. An optical device comprising a diffractive optical 
element according to claim 1.2 . 
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